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(57) Abstract: A reinforced hydroform member (10) having an outer structural member (12) reinforced by a structural foam (16) 
Q over an inner structural member (14). The structural foam (16) extends along at least a portion of the length of the outer structural 

member (14). The structural foam (16) is a heat-activated epoxy-based resin. As the foam is heated, it expands and adheres to 
^ adjacent surfaces. 
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HEAT-ACTIVATED STRUCTURAL FOAM REINFORCED HYDROFORM 



FIELD OF THE INVENTION 

The present invention relates generally to a heat-activated foam reinforced structural 
5 member. More particularly, the invention relates to a structural foam reinforced hydroform 
structures, wherein the structural foam becomes chemically active and expands upon heating. 

BACKGROUND OF THE INVENTION 

Traditionally, hydroforming techniques are used to draw and shape metal tubes. 

10 Conventional hydroforming techniques often involve two steps: (1) placing the desired 
bends in the tube and (2) forming the tube to the desired configuration. Step 2 usually 
requires placing a tubular member having an open bore in a mold and pinching off the ends 
of the tube. A pressurized liquid is injected into the open bore, causing the tube to stretch 
and expand out against the mold. 

15 The advantage of the hydroforming process is that it allows formation of relatively 

long tubular structures having a seamless perimeter. This process eliminates the cost of 
welding or machining operations often used to shape the part in the desired configuration. As 
a result, a hydroform oftentimes has a high length to diameter ratio. For instance, a 
hydroform structure may have a length in excess of 15' and a diameter ranging from 

20 approximately V" to more than 1 2". It is not unusual for a hydroform structure to exceed the 
length of other tubular members, such as torsion bars or tubular bars, formed using other 
processes. 

Additionally, hydroforms are complex structural shapes that typically include bends 
and contour changes. Often the number of bends and contour changes in a hydroformed bar 
25 are greater and more complex than those found in torsion bars or other tubular structures 
formed using different techniques. 

Hydroform structures typically have a constant wall thickness prior to forming, and 
thus tend to develop weak spots at the site of bends or changes in contour, as well as at 
certain locations along a long tubular section. Thus, hydroform sections are generally 
30 reinforced to improve their structural stiffness and strength. 

Traditional ways of reinforcing tubular structures such as hydroforms include sliding 
a metal sleeve inside the tube and welding the reinforcing member in place. However, 
because the hydroform often includes one or more bends or one or more changes in contour, 
it is often difficult to insert the sleeve into the hydroform at the site of weak spots. Other 



1 



WO 01/41950 PCT/US00/42687 

techniques include reinforcing the hydroform from the outside by welding the sleeve onto the 
outside of the hydroform. However, hydroforms are often used in applications having very 
close tolerances, resulting in little or no clearance for an externally placed reinforcing 
member. 

5 Additionally, in many operations the weight of the tubular member is critical and 

must be kept low as possible. Thus, the use of an external sleeve adds unwanted weight to 
the tubular assembly. Finally, the welding operation tends to be labor intensive, time 
consuming and inexact, increasing the cost of forming the hydroform member and producing 
parts that have questionable reliability. 
10 Consequently, there is needed a device and method for reinforcing the weak areas of 

hydroform tubes without significantly increasing the weight and manufacturing complexity. 

SUMMARY OF THE INVENTION 

The invention relates to a reinforced hydroform member. In one embodiment, the 
15 hydroform member includes an outer structural member having an open bore; and a structural 
foam supported by the outer structural member. The foam extends along at least a portion of 
the length of the outer structural member, and may fill at least a portion of the length of the 
bore. 

The structural foam is generally and preferably a heat-activated epoxy-based resin. 
20 As the foam is heated, it expands and adheres to adjacent surfaces. The preferred structural 

foam material is commercially available from L&L Products of Romeo, Michigan under the 

designation L5206, L5207, L5208, or L5209. 

In an alternative embodiment, the hydroform member includes an inner structural 

member having an open section, wherein the inner structural member is received in the bore 
25 of the outer structural member. The outer structural member and the inner structural member 

are fabricated of metal, and the structural foam extends along at least a portion of the length 

of the inner structural member and the outer structural member. 

In still another embodiment, the reinforced hydroform includes an outer elongated 

tubular bar having a open center; an elongated inner tubular bar having an open bore 
30 coextensive therewith such that the inner tubular bar is received in the open center of the 

outer tubular bar so as to extend concentrically therewith; and a structural foam supported by 

the outer surface of the inner tubular bar, wherein the structural foam extends along at least a 

portion of the length of the inner structural member. 
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The reinforced hydroform may be formed by (I) providing an outer structural 
member having an open bore; (2) reinforcing the outer structural member by applying a 
structural foam thereto; (3) reshaping the outer structural member, causing the exterior 
surface of the outer structural member to assume a desired configuration; and (4) heating the 
5 structural foam to a temperature sufficient to cause the structural foam to expand and adhere 
to adjacent surfaces. 

Where the hydroform includes a inner structural member, the method of forming the 
reinforced hydroform further includes the step of providing an inner structural member that is 
received in the open bore of the outer structural member so as to form a structural assembly. 
10 The structural assembly is reinforced by applying the structural foam thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and inventive aspects of the present invention will become more 
apparent upon reading the following detailed description, claims and drawings, of which the 
15 following is a brief description: 

FIG. 1 is a perspective view of an automobile, showing a portion of the automobile 
frame reinforced by the hydroform member. 

FIG. 2 is a perspective view showing a reinforced hydroform tube formed in 
accordance with the teachings of the present invention. 
20 FIG. 3 is a section view of the hydroform tube described in FIG. 2, showing the 

position of the foam in the uncured state. 

FIG. 4 is a section view of the hydroform tube described in FIG. 2, showing the 
position of the foam in the cured state. 

FIG. 5 is a side section view showing the hydroform tube described in FIG. 2. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIG. 1 shows a reinforced hydroform member 1 0 formed in accordance with the 
teachings of the present invention. The hydroform member 10 imparts increased strength or 
stiffness to a structural member, and, thus, may be used in a variety of applications. For 
30 instance, the reinforced hydroform member 10 may be used as part of the frame system for 
automobiles or building structures. 

The hydroform member 10 includes an outer metal tube 12 and an inner concentric 
tube 14. The outer tube 12 includes an open center and preferably has a seamless outer 
perimeter. Although FIG. 2 shows the tube 12 as having a circular cross-section and an open 
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center, other geometric configurations having a continuous perimeter and an open portion 
therein may be used to form the tube 12. In the preferred embodiment, the outer tube 12 is 
fabricated of steel. However, it will be appreciated that other materials capable of plastic 
deformation may be used. 

5 The physical dimensions of the outer tube 12 will vary depending on the intended use 

of the hydroform member 10. Where the hydroform member 10 is used as part of an 
automobile framing system, the outer tube 12 may have a length in excess of 15' and an inner 
diameter typically ranging from approximately V" to 12". For an outer rube 12 having these 
dimensions, the outer tube 12 has a constant wall thickness prior to any deformation. The 

10 wall thickness of tube chosen will vary depending on the function and structure of the 
element being reinforced. 

The inner tube 14 is received in the open center of the outer tube 12. Preferably, the 
inner tube 14 is concentrically received in the open center of the outer tube 12, and extends 
axially along the length of the outer tube 12 such that each end of the inner tube 14 is 

1 5 substantially flush with the respective ends of the outer tube 12. 

In the preferred embodiment, the inner tube 14 has an open center and a seamless 
outer perimeter. Although FIG. 2 shows the tube 14 as having a circular cross-section and an 
open center, other geometric configurations having a continuous perimeter and an open 
portion therein may be used to form the tube 14. The preferred material from which to 

20 fabricate the inner tube 14 is steel. However, other materials capable of plastic deformation, 
particularly aluminum, may be used. 

The physical dimensions of the inner tube 14 will vary depending on the intended use 
of the hydroform member 10. Where the hydroform member 10 is used as part of an 
automobile framing system, the inner tube 14 may have a length in excess of 15'. The inner 

25 diameter typically has a value ranging between approximately 1 " and 12" and a constant wall 
thickness generally having a specific value ranging between 0.030" and 0.30". 

As best seen in FIG. 2, the inner tube 14 supports a reinforcing structural foam 16 
along at least a portion of the outer perimeter thereof. The primary purpose of the structural 
foam 16 is to increase the structural strength and stiffness of the components being 

30 reinforced. Typically, the structural foam 16 is applied to a carrier in the areas where 
reinforcement is needed. When dealing with hydroforms, the areas generally needing 
reinforcement are locations where the surface bends or changes contour. In the preferred 
embodiment, the structural foam 16 increases the compressive strength, bending strength, 
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and structural stiffness of the hydroform 10 without adding significantly to the overall weight 
of the hydroform 10. 

The structural foam 16 is preferably heat-activated and expands and cures upon 
heating, typically by a foaming and cross-linking reactions. The structural foam 16 is 
5 generally applied to the tube 14 in a solid or semi-solid state. The structural foam 16 may be 
applied to the outer perimeter of the tube 14 in a fluid state using commonly known injection 
techniques, wherein the structural foam 16 is heated to a temperature that permits the 
structural foam 16 to flow slightly. Upon cooling the structural foam 16 hardens and adheres 
to the outer surface of the tube 14. Alternatively, the structural foam 16 may be applied to 

10 the tube 14 as precast pellets, which are heated slightly to permit the pellets to bond to the 
outer surface of the tube 14. At this stage, the structural foam 16 is heated just enough to 
cause the structural foam 16 to flow slightly, but not enough to cause the structural foam 16 
to thermally expand. Additionally, the structural foam may also be applied by heat 
bonding/thermoforming and by co-extrusion. Note that other expandable sheet materials can 

15 be used, such as, without limitation, an encapsulated mixture of materials that, when 

activated by temperature, pressure, chemically, or other by other ambient conditions, will 
expand. 

The structural foam 16 is an epoxy-based material, but may include an ethylene 
copolymer or terpolymer, such as with an alpha-olefin. As a copolymer or terpolymer, the 

20 molecule is composed of two or three different monomers, i.e., small molecules with high 
chemical reactivity that are capable of linking up with similar molecules. 

A number of epoxy-based structural reinforcing foams are known in the art and may 
also be used to produce the structural foam 16. A typical structural foam includes a 
polymeric base material, such as an epoxy resin or ethylene-based polymer which, when 

25 compounded with appropriate ingredients (typically a blowing agent and perhaps a curing 
agent and filler), expands and cures in a reliable and predictable manner upon the application 
of heat or another activation stimulus. The resulting material has a low density and sufficient 
stiffness to impart desired rigidity to a supported article. From a chemical standpoint for a 
thermally-activated material, the structural foam 16 is usually initially processed as a 

30 thermoplastic material before curing. After curing, the structural foam 16 typically becomes 
a thermoset material. 

An example of a preferred structural foam 16 formulation is an epoxy-based material 
that may include an ethylene copolymer or terpolymer that is commercially available from 
L&L Products of Romeo, Michigan, under the designations L5206, L5207, L5208 and 
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L5209. One advanlage of the preferred structural foam materials 1 8 over prior art materials 
is the preferred materials can be processed in several ways. The preferred materials can be 
processed by injection molding, extrusion or with a mini-applicator extruder. This enables 
the creation of part designs that exceed the capability of most prior art materials. 
5 While the preferred materials for fabricating the structural foam 16 have been 

disclosed, the structural foam 16 can be formed of other materials provided that the material 
selected is heat-activated or otherwise activated by an ambient condition (e.g. moisture, 
pressure, time or the like) and expands in a predictable and reliable manner under appropriate 
conditions for the selected application. One such material is the epoxy based resin disclosed 

10 in U.S. Patent Application Serial No. 09/268,810, the teachings of which are incorporated 
herein by reference, filed with the United States Patent and Trademark Office on March 8, 
1999 by the assignee of this application. Some other possible materials include, but are not 
limited to, polyolefin materials, copolymers and terpolymers with at least one monomer type 
an alpha-olefin, phenol/formaldehyde materials, phenoxy materials, and polyurethane 

15 materials with high glass transition temperatures. See also . U.S. Patent Nos. 5,766,719; 

5,755,486; 5,575,526; 5,932,680 (incorporated herein by reference). In general, the desired 
characteristics of the structural foam 16 include high stiffness, high strength, high glass 
transition temperature (typically greater than 70 degrees Celsius), and good corrosion and 
humidity resistance properties. 

20 In applications where a heat activated, thermally expanding material is employed, an 

important consideration involved with the selection and formulation of the material 
comprising the structural foam 16 is the temperature at which a material reaction or 
expansion, and possibly curing, will take place. For instance, in most applications, it is 
undesirable for the material to be active at room temperature or otherwise at the ambient 

25 temperature in a production line environment. More typically, the structural foam 16 
becomes reactive at higher processing temperatures, such as those encountered in an 
automobile assembly plant, when the foam 16 is processed along with the automobile 
components at elevated temperatures or at higher applied energy levels. While temperatures 
encountered in an automobile assembly body shop may be in the range of 148.89 °C to 

30 204.44 °C (300 °F to 400 °F), body and paint shop applications are commonly about 93.33 
°C (215 °F) or slightly higher. If needed, blowing agents can be incorporated into the 
composition to cause expansion at different temperatures outside the above ranges. 
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Generally, prior art expandable foams have a range of expansion ranging from 
approximately 0 to over 1000 percent. The level of expansion of the structural foam 16 may 
be increased to as high as 1500 percent or more, but is typically between 0% and 300%. 

The hydroform member 10 may be used in a variety of applications where structural 
5 reinforcement is desired. The hydroform member 10 has particular application in those 
instances where the overall weight of the structure being reinforced is a critical factor. For 
instance, the hydroform member may be used to increase the structural strength of aircraft 
frames, marine vehicles, automobile frames, building structures or other similar objects. In 
the embodiment disclosed the hydroform member 10 is used as part of an automobile frame 
10 to reinforce selected areas of the automobile frame. 

As best illustrated in FIG. 1, the hydroform member 10 is coupled to the frame 
portion of an automobile frame assembly. The frame portion to be reinforced by the 
hydroform member 10 is illustrated by the phantom lines. It will be appreciated that the 
hydroform 10 may be used to reinforce other areas of an automobile frame. 

15 

Method of Forming the Hydroform 10 

The method of forming the hydroform member 10 includes applying the structural 
foam 16 to the outer perimeter of the inner tube 14. The structural foam 16 is applied to the 
inner tube 14 using the techniques previously discussed. 

20 The inner tube 14 is then received in the open center of the outer tube 12. The tube 

assembly 12, 14 is reshaped to include any desired bends, twists or contour changes. One 
particular method in which the tube assembly 12, 14 could be deformed is by first inserting 
the inner tube 14 into the outer tube 12 to be hydroformed and then bending the outer tube 12 
to lock the inner tube 14 into place. After completion of the bending process, the tube 

25 assembly 12, 14 is placed in a mold and each end of the tube assembly 12, 14 is sealed using 
known techniques. For instance, an end cap (not shown) is inserted over each end of the 
tubular members 12, 14, and one end of a kick bolt (not shown) is coupled to one of the end 
caps and the other end to a fluid source under pressure. 

Next, a hydroforming process is employed to reshape and to stretch the tubular 

30 assembly 12, 14 to the desired configuration. It will be appreciated that hydroforming, 

sometimes referred to as fluid forming or rubber diaphragm forming, is a. known process for 
drawing and shaping metal components. The hydroforming process explained herein is for 
illustrative purposes only, and it will be appreciated that other hydroforming techniques may 
be used. 
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The hydroforming process employed in practicing this invention includes injecting a 
liquid under pressure into the open center of the tube 14 through the end cap. The fluid 
pressure causes the tube assembly 12, 14 to expand outwardly, bringing the exterior of the 
tube 12 into contact with the mold into which the tube assembly 12, 14 has been placed. 
5 Consequently, the exterior of the outer tube 1 2 is forced to assume the shape of the mold. 
The inner tube 14 can also be drawn during the hydroforming operation at locations wherein 
the outer tube 12 is also drawn. In other words, the inner rube 14 can be deformed in the 
same manner as the outer tube 12, whether through the initial bending process or through the 
subsequent drawing process that occurs during hydroforming. Once the hydroforming 

1 0 process is completed, the kick bolt (not shown) is removed. 

Finally, after hydroforming the tube assembly 12, 14, the strength and stiffness of the 
hydroform 10 is increased by curing the structural foam 16. To cure the structural foam 16, 
the structural foam 16 is heated to a temperature sufficient to permit the structural foam 16 to 
expand and adhere to the inner surface of the outer tube 12. As the structural foam 16 is 

1 5 heated, it becomes chemically active and expands, forming a bond with the adjacent 

structure, the inner surface of the tube 12. The characteristics of the foam 16 can be provided 
by a separate adhesive layer in between the structural foam 1 6 and the inner surface of the 
tube 16, or it can be obtained from the formulation of the foam 16 itself. 

During the curing cycle, the structural foam 16 is heated to a temperature higher than 

20 the temperature used during application of the foam material 1 8 to the tube 14. This higher 
temperature causes activation of the expansion and curing properties of the structural foam 
16 by initiating chemical decomposition of the blowing agent and curing agent additives. 
FIG. 4 illustrates the position of the structural foam 16 after the curing cycle. As shown, the 
structural foam 16 adheres to the inner surface of tube 12 and the outer surface of tube 14. 

25 After the curing process, the end caps (not shown) are removed. 

Upon cooling, the structural foam 16 stiffens and resists deformation during handling. 
Preferably, for cost and weight considerations, the structural foam 1 6 does not extend 
throughout the entire length of the tube assembly 12, 14. However, it will be appreciated that 
the structural foam 16 could be applied to the inner tube 14 so as to expand the entire length 

30 of the tubular assembly 12, 14. 

Alternatively, the structural foam 16 may be applied to the tubular assembly 12, 14 
using an extruder or injection process, wherein molten structural foam 16 is dispensed into 
key sections of the member to be reinforced. In this manner, the molten structural foam 
material 1 8 flows into the cavity to be reinforced. Another method for applying the structural 
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foam 16 to the tubular assembly 12, 14 includes using structural foam 16 pellets. The pellets 

are inserted into the cavity between the tubes 12, 14 and cured as described above. 

Preferably, the structural foam 16 is applied to the assembly 12, 14 at the location to 

be reinforced, which is generally at bends or locations where the surface contour changes. 
5 However, it will be app r eciated that the structural foam 16 may be applied to the entire length 

of the hydroform 10 if desired. 

The application of the structural from 18 to the tube 14, increases the structural 

strength and stiffness of the tube 14. As a result, the overall structural strength and stiffness 

of the hydroform 10 is increased. 
10 There are a variety of configurations that may be employed to fabricate a hydroform 

member 10. For instance, the hydroform 10 need not be fabricated as a tubular assembly but 

may comprise any configuration having a continuous perimeter and an open section therein. 

The disclosed embodiment is given to illustrate the invention. However, it is not intended to 

limit the scope and spirit of the invention. Therefore, the invention should be limited only by 
15 the appended claims. 
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CLAIMS 

WE CLAIM: 

1. A reinforced hydroform, comprising: 

an outer structural member having an open bore; and 

a structural foam supported by the outer structural member, wherein the structural 
foam extends along at least a portion of the length of the outer structural member. 

2. The reinforced hydroform as defined in claim 1, further including an inner 
structural member having an open section, the inner structural member being received in the 
bore of the outer structural member. 

3. The reinforced hydroform as defined in claim 2, wherein the structural foam 
extends along at least a portion of the length of the inner structural member and the outer 
structural member. 

4. The reinforced hydroform defined in claim 3, wherein the outer structural 
member is metal. 

5. The reinforced hydroform defined in claim 3, wherein the inner structural 
member is metal. 

6. The reinforced hydroform defined in claim 1, wherein the hydroform is 
coupled to an automobile frame system. 

7. The reinforced hydroform defined in claim 1, wherein the hydroform is 
coupled to a building frame system. 

8. The reinforced hydroform defined in claim 1, wherein the structural foam 
extends along at least a portion of the length of the bore. 

9. The reinforced hydroform defined in claim 1, further comprising an adhesive 
layer disposed on at least a portion the structural foam. 
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10. The reinforced hydroform defined in 
an epoxy-based resin. 
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claim 1, wherein the structural foam is 



1 1 . The reinforced hydroform defined in claim 10, wherein the structural foam is 
5 L5206 structural foam commercially available from L&L Products of Romeo, Michigan. 

12. The reinforced hydroform defined in claim 10, wherein the structural foam is 
L5207 structural foam commercially available from L&L Products of Romeo, Michigan. 

10 13. The reinforced hydroform defined in claim 10, wherein the structural foam is 

L5208 structural foam commercially available from L&L Products of Romeo, Michigan. 

14. The reinforced hydroform defined in claim 10, wherein the structural foam is 
L5209 structural foam commercially available from L&L Products of Romeo, Michigan. 

15 

15. A reinforced hydroform, comprising: 

an outer elongated tubular bar having an open center; 

an elongated inner tubular bar having an open bore coextensive therewith, the inner 
tubular bar being received in the open center of the outer tubular bar so as to extend 
20 concentrically therewith; and 

a structural foam supported by the outer surface of the inner tubular bar, wherein the 
structural foam extends along at least a portion of the length of the inner tubular member. 

16. The reinforced hydroform defined in claim 15, wherein the structural foam 
25 fills at least a portion of the diameter of the open center. 

17. The reinforced hydroform defined in claim 15, wherein the structural foam 
extends along at least a portion of the length of the open center. 

30 18. The reinforced hydroform defined in claim 15, further comprising an adhesive 

layer disposed on at least a portion of the structural foam. 

19. The reinforced hydroform defined in claim 15, wherein the structural foam is 
an epoxy-based resin. 
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20. The reinforced hydro-form defined in claim 19, wherein the structural foam is 
L5206 structural foam commercially available from L&L Products of Romeo, Michigan. 

5 21. The reinforced hydroform defined in claim 19, wherein the structural foam is 

L5207 structural foam commercially available from L&L Products of Romeo, Michigan. 

22. The reinforced hydroform defined in claim 19, wherein the structural foam is 
L5208 structural foam commercially available from L&L Products of Romeo, Michigan. 

10 

23. The reinforced hydroform defined in claim 19, wherein the structural foam is 
L5209 structural foam commercially available from L&L Products of Romeo, Michigan. 

24. A method for forming a reinforced hydroform, comprising: 
15 providing an outer structural member having an open bore; 

reinforcing the outer structural member by applying a structural foam thereto; 
hydroforming the outer structural member, causing the exterior surface of the 
structural member to assume a desired configuration; and 

heating the structural foam to a temperature sufficient to cause the structural foam to 
20 expand and adhere to adjacent surfaces. 

25. The method for forming a reinforced hydroform as defined in claim 24, 
further including the step of providing an inner structural member received in the open bore 
of the outer structural member so as to form a structural assembly. 

25 

26. The method for forming a reinforced hydroform as defined in claim 24, 
further including the step of reinforcing the structural assembly by applying a structural foam 
thereto. 

30 27. The method for forming a reinforced hydroform as defined in claim 24, 

further including the step of applying an adhesive layer on the structural foam for adhering 
the structural foam to adjacent surfaces. 
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